Introduction
To understand variations of accumulation over Greenland, it is necessary to investigate precipitation and its variations. Observations of precipitation over Greenland are limited and generally inaccurate, but the analyzed wind, geopotential height, and moisture fields are available for recent years. It is very useful to develop a dynamic method for retrieval of precipitation over Greenland from these analyzed fields. 
where ½( x, y,cr,t ) is the geopotential in a coordinates. Here G is also a horizontal vector. CB99 proposed that the vector G can also be separated into its irrotational and rotational components and expressed by where ½(x, y,o',t) and rl(x, y,o-,t) are referred to as an equivalent geopotential and a geo-stream-function, respectively.
The irrotational part -VCe(X, y, cr,t) must be equal to the irrotational part of the total vector on the right-hand side of (2). Thus we have
V2½e(x, y, rr, t )= V2½(x, y, rr, t ) +•x(RT(x,y,rr, t) •In p,
If equation (4) is solved in a limited region, the geopotential and equivalent geopotential in a coordinates can be separated into its inner and harmonic parts [Chen and Kuo, 1992 ] as q) = ½i( x, y, cr, t ) + ½h( x, y, cr, t ), 
The finite difference form of the hydrostatic equation based on (6.7) of CB99 is expressed by Here there are also two more additional terms on the righthand side of (26) than on that of (6.19) in CB99. With these two additional terms, the variation rate of the inner part of the equivalent geopotential caused by the advection and heating,
•e,h,a,i $' can be described more accurately.
On the basis of (7), the equation of the ageostrophic geopotential can be derived from (9) and (24) 
is referred to as the variation rate of the ageostrophic geopotential caused by advection and diabatic heating.
Generalized to-Equation in •s-Coordinates
If the tendencies of the velocity potential and ageostrophic geopotential in (10) and (27) are neglected, this approximation is referred to as a balanced ageostrophic approximation [Chen et al. 1996 ]. Thus equation (27) 
Simple Method for Computing Precipitation
The procedure for computing precipitation from the vertical motion is presented by Chen et al. 
Here L is the latent heat of condensation, and R• is the gas constant for moist air. The Kronecker delta/5 is denoted by •-1: for w<0 and r_>r•., •-0: for • and r<r•., (34) Here the condensation may be assumed to begin at some critical relative humidity rc less than 100%. In this paper the critical relative humidity r•. is assumed to be 83% based on computed precipitation experiments.
If all of the condensate from the saturated expansion is assumed to fall instantly as precipitation, the precipitation P per unit area in a time period At becomes t•atoo dq.,. +ftl--JFwdrrdt, (35 [ 1999] and that used in the present paper. The first is that the equivalent geopotential and geo-stream-function are implemented in a fully consistent manner in this paper, with the term •e,h,,a ,i '• in the generalized •0-equation being expressed by (26) instead of (6.19) of CB99. The second is that the corrected topography of Figure lb is used, and the third is that the large-scale condensation scheme is further simplified without any evaporation of condensate. The new enhanced dynamic method is referred to as the improved dynamic method in this paper. The accumulation of Figure 2c has many mesoscale features, which may be affected by the mesoscale characteristics of topography in this region. The data sets (TOGA Archive from NCAR or ERA data) of the analyzed wind, geopotential height, and moisture fields used in this study are large scale with 2.5 øx2.5 ø resolution. These data sets must reflect the resolution (2.5"x2.5 ø) of the topography adopted at the forecast center (here ECMWF) from which the analyses originate. This may have an impact on the precipitation results, and it may be closely related to the relatively large precipitation area along the western slopes of the southern part of the Greenland ice sheet. This shows that the mesoscale features of the annual mean precipitation over Greenland need further improvement, especially over southern Greenland. The problem of how to use the large-scale 2.5øx2.5 ø resolution analyzed data and mesoscale highresolution topography to obtain a mesoscale high-resolution precipitation distribution over Greenland needs further investigation. Anthes [1990] showed that a mesoscale model with realistic treatment of mesoscale topography, Earth surface conditions, and physical processes is capable of developing mesoscale phenomena and precipitation from good large-scale initial conditions. Physically, this means that a mesoscale model can produce mesoscale systems after a certain time integration through interactions and feedbacks between the large-scale initial conditions and the mesoscale topography, Earth surface conditions, and physical processes. The 
Annual Mean Precipitation Over Greenland

diamonds. The contour interval is 5 cm yr -• water equivalent for values less than 30 cm yr -• and 10 cm yr -• for values greater than 30 cm yr -•. (d) The computed precipitation difference between the improved dynamic method and the old one (improved -old). The contour interval is 10 cm yr -•. generalized to-equation is a diagnostic relation; it derives precipitation immediately and does not include enough
interactions and feedbacks between the large-scale initial conditions and mesoscale topography even if the mesoscale topography is correctly specified. Thus it is difficult to generate correct mesoscale systems from the large-scale initial conditions. This is an important weakness of the improved dynamic method in comparison to mesoscale models. In the near future, we plan to use a dynamic initialization method to adjust the large-scale (2.5 øx2.5 ø) resolution analyzed data to be consistent with the mesoscale high-resolution topography and then use the initialized data in the generalized to-equation to improve the simulation of mesoscale features of Greenland precipitation. Table 2 . It is easily seen from Table 2 it is difficult to get a good precipitation result at this site. The mean value of the retrieved precipitation from the improved dynamic method at this site shown in Table 2 is 23.1 cm yr t.
Comparison of Interannual Variations at Ice Core Sites in Greenland
while the mean values of the P and P-E from ERA-15 in Table   2 In southern Greenland above 2000 m, there is a major thinning area over its western part and south of 66øN, and there are also three thickening areas located at about (68øN,  38øW), (67øN, 47øW) and (63øN, 47øW) sum of precipitation and melting must be used. On the other hand, thinning rates exceeding 1 m/yr over the coastal areas are probably too large to be caused by these factors. We note that there are many precipitation decrease areas along the coast shown in Plate 2, especially in southern Greenland, and they likely contribute to the surface elevation thinning in the coastal regions. Thus it is appropriate to estimate thickening and thinning of surface elevation over coastal regions by using precipitation and melting together.
Conclusion and Discussions
On the basis of the evaluation of recent Greenland precipitation studies, several of the deficiencies in the modeled precipitation are probably related to the topographic data employed in assimilation and modeling. The topography of the Greenland ice sheet based on the U.S. Navy 10 arc min global data set and based on the modern data set synthesized from a variety of observations including satellite radar altimetry [Ekholm, 1996] are compared and shown in Figures 1 a and 
